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. SUMMARY

OnJanuay 26, 1987, the Rindpel Medicd Offioar of the Epidemidogy Unit, Jameican Minigtry of Hedlth (MOH),
Kingston, requested technicd assdancefrom theNationd Indtitute for Oaoupetiondl Seety and Hedlth (NIOSH) in
sudying and preventing leed paisoning in Jameica. NIOSH asdgted the Jamaican MOH between October 20-23,
1987, in urveying oooupationd and environmental leed expoaured thveeleed-add bettery menufedurarsin
Kinggon: (1) Tropicd Battary, Ltd; (2) Apex Batary, Ltd; and (3) Unidate Battary, Ltd. Thissurvey wasonedf
three NIOSH sudies conducted consecutively with the Jamaican MOH betwean October 4 and 24, 1937.
NIOSH, dagwithinvestigetarsfrom the Canter far Ervironmenta Hedlth and Injury Contrd (CEHIC) of the
United Sates(U.S) Cantarsfar Disesse Contrdl, ass ged the Jamaican MOH intwo ather surveysof leed
exposre Theseevdudionsarergported ssparadly.

Thareareno formd Jameican cooupetiond heelth dandardsfar workplace monitaring of leed inar ar idogicd
sreming of employesswith patentid leed eqpoares TheU.S Oooupetiond Sty and Hedlth Adminidration
(OHA) gengd indudry gandard for leed exposrewas sHedtad for theevdugtion aitaria. It should be
emphedzed thet differat aitaiaand eqpoaurelimitsare goplied in various countries regarding exposLre to taxic
uidancesinthewoarking evirommant.

A. Tropicd Batay Lid,

Full-ghift persond bresthing-zonear samplesfor leed were collected on October 20-21, 1987.
Conoantrationsranged from 40 to 5,300 micograms per cuic meter (ugin), timeweighted average
(TWA) over thepaiod sampled. Oparationswith the highest leed expoauresinduded the plate ssperaior
(5300 ugyin?); odll dropper (2400 ugn); and bettery assamidly (2,600 ug/n). Theseconoantrations
excead theU.S OSHA pamissbleedpoaurelimit (PEL) for leed inar of 50 ugyin? cAlauiated asan 8-hour
TWA for dally expoare

Blood samplesfrom produdion employess showved thet blood leed (PoB) levdsamong ssven of 29
employess(24%0) a Tropicd Battary exossded the U.S madicd ramovd levd of S0ugd, and thet 17 of 29
employess(5%%/0) hed FoB levdsof 0uyd o gredler, alevd a which bimonthly FoB monitaringis
required under exising U.S dandards Thehighest blood leed levedl s ooourred in the assambly/jprodudtion
aea(mean46 uyd, maximum 64 uyd), but blood leed levdsabove 40 ugd werefoundindl waork arees

B. ApxBataylid

Ful-ghift persond bregthing-zone ar samplesfor leed odllected on October 22, 1987, ranged from 50to
3400 ug/n?, TWA. Thehighest lead exposures oocured during the mting of bettery pogisand
comectors (3400 ugfin); bettery pletefiling (2570 ugin); and menuel grid pesting (1630 ugin?). Blood
leed levdsin9 of 12 anpoyesswae 60 ugd or geter, alevd recuiring immediate medica ramovd under
U.S aooupetiond hedth regulations: Thegeomeric meen PoB levd was 66 uyd.

C. UnddeBatayLtd

Lead conoantrations meeaLrred by persond bresthing-zone ar samples odllected on October 22, 1987,
ranged from30to 190 ugin?, TWA.. Leed concantrationsin threegenard arepair samples collected during
thesame period ranged from 10to 100 ugn. Blood samplesfrom threeof thefour produdtion
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aemployesstested exossded 60 uyd. Eacharmployeepafaomed avaidy of tesksthroughout thework day and
omework was parformed outdoors

Engineging contrdsand regairatory pratedtion werejudged to beinedequetea dl threecompenies Workerswith
PoB levdsabove 60 uyd tended to have higher prevalences of mogt symptoms of leed taxiaty thendid warkers
with lower FoB levds Therdationghip betwean zinc pratgparphyrin concenraionsand increesing FoB
conoatrationswas consgant with thet desribed among warkersin develgped countries: Thehighrisk of leed
taxiaty among Jameicen bettary workersiscongdant with sudies o bettery warkersin ather develgping countries

Based onthe datacdllected during thisevaugtion, NIOSH investigators conduded thet employess & bettery

menufadurasurveyad in Jamaicaare exposad to leed concanirationsin excess of oocupetiondl expoaurelimits

usadinvaious countries induding the U.S and the United Kingdom. Furthamo—rg, 28% of warkersframthe
iessrveyed by NIOSH hed FoB levdsabove 60 ug/d. Itisthegpinionaf NIOSH investigaorsthat the

compen
highrisk of leed taxiaty amnong Jameican bettery workersresuts from defiaendesin enginesiing conirds reairatary
pratection, and ssfework pradices. Recommenctionsfor providing generd and locd exheudt ventlation, dtering
work pradticesto reducelesd exposure, and implementing resairatory protetion programs areinduded in Sedtion
VIII.
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Based on the data collected during this evaluation, NIOSH investigators concluded that employees at battery
manufacturers surveyed in Jamaica are exposed to lead concentrations in excess of occupational exposure limits
used in various countries, including the U.S. and the United Kingdom. Furthermore, 28% of workers from the
companies surveyed by NIOSH had PbB levels above 60 ug/dl. It is the opinion of NIOSH investigators that the
high risk of lead toxicity among Jamaican battery workers results from deficiencies in engineering controls, respiratory
protection, and safe work practices. Recommendations for providing general and local exhaust ventilation, altering
work practices to reduce lead exposure, and implementing respiratory protection programs are included in Section
VIII.


II. INTRODUCTION.

Thethird largest of the Gregter Antilles Jameicaiisloceted 580 milessouth of Haridaw Theidand, settled by British
famarsin 1655, becameindgoandant within the British Commorwedthin 1962 and aprimeminds heedsthe
govemmat. amaicahesgopraximetdy 2.3 million English oesking inhebitanisand the caitdl aty, Kingsion, isits
largest metropalitan area (665,000 pegple). Modt Jameacansare desoencanisof African davesbrought totheidand
betwean the 17th and 19t centuries but Chinese, Eadt Indians Lebanese, ELrapeans and Narth Americans
compriseapationd thepopulaion Rindpd inddriesindudebeuxite (@uminum aré) mining, ad tourism. Suga,
beneres and aoffes, whilefludugting in prominance rameinthedhief equart aops

OnJanuay 26,1987, the prindpel Medicdl Officer of the Epidemidiagy Unit inthe Jameican Miinistry of Hedlth
(MOH) requeted NIOH asddancein Sudying and preventing leed paisoningin Jamaica. Two prdiminery visits
to Jamacawaremedeby NIOSH onMay 4-8, and Augud 10-21, 1987. During theselanning tripsvatious
Jardcan p.rtglli: hedlth dffidadswere contacted and resLits of blood leed teting by the JameicaGovammeant Chamist
wereexan

Threebattery menufadurars partiaipeted inthissudy: Tropicd Battary, Ltd. (gopraximetdy 30 produdion
workes); Apex Battary Ltd. (12 produdionworkers); and Unidate Battary, Ltd. (5 produdionworkers). Asdl
three compenieswere condudting limited medicdl soreening on their produdionworkers it isposshlethet they were
moreconsdous of warker hedlth and hed lower leed exposurethen a ather Jameicen bettery menufadura's
NIOSH invetigatorsconddarad it unlikdly thet the compenies surveyed hed higher employeelesd eqposurestrenis
typicd a Jamecabettay mekas

Between October 20-23, 1987, NIOSH asided the Jamaican MOH in surveying oocupetiondl and

evironmantd leed expoaresat thesebettery menufedirers: Anintaim repart for eech bettery menufediurer
urveyed was provided to the Jameican MOH onMay 25, 1988, Thesethree reportscontained evironmentd and
medicd reslitsand interim recommendationsfar reduaing employeeexpoaurestoleed. NIOSH and the Canter far
Environmenta Hedlth and Injury Contrd (CEHIC) dso assisted the MOH in condudting two ather dudiesof
oocupationdl and environmentd leed expoaurefrom theleed-aad bettery induetry betwieen Octaber 4 and 24,
1987. Thesearereparted dsenvhere

Thistednicd assdance evdugion wasdesgned to essd the Jameican MOH inachieving three dgedtives

1 Toasestheworkingevironmat a bettary menufadiurars and recommend gopropriate mesaLresito reduice leed
expoaretoworkas

2. Toddemirethefadtarsinfluenang blood leed levdsin exposed worke's such asar leed levds dgarette smoking,
Ued parsord pratediveanuipmat, and sniarnty.

3. Toassstherdaionship bewen symptomsand Sgnsthet may berdated to leed toxiaty and blood leed levdsin
theworkforoessudied.

1. BACKGROUND

A. Batay Manufeduasin Jandca

Theleed-add bettery indudry in Jameicais dneradtaized by sl fedtaries thelargest of whichemploys
gooroximatdy 30 produdionwarkes Much ardler (1-3workers) indgpendant "beckyard” shopsthet repair
andlor rebuild car betteries are numerousin the grester Kingsion areaiand were examined in asgperate NIOSH
evdugtion A review by NIOSH investigatars of blood leed tests odllected by the Jamaican Govammeant Chamigt
betwean January 1986 and March 1987 reveded thet leed-aad bettery produdtion, repair, and recyding wasthe
mog commonly identified sourceof devated blood leed levelsin bath chilcen and edLitsin Jameicat

Whiletherisk of cooupetiondl leed eqpoaurein the bettery inoLetry hes been thoroughly dudied and regulated inmost




Oevelopaed countries; lessisknown about leed exposreamong bettery workersin developing countries: Because
leed-aad bettery menufadiure can be carried out in sl sScdle oparaions using rdaively smpletechndagy, itisan
dirediveindudry for somedevdgping countries: Thereareno famme Jameican oooupetiondl helth dancardsfor
workplacemonitaring of leed inar ar hidogica sorening of employssswith potentid leed expoaures

Rouinemonitaring for arbomelesd was nat parfamed by any of thecompeniessuveyed. Al of theworkplaoes
sudied parformed hiannua blood lesd monitaring on produdionworkers and particpetion by workerswasa
condiionof employmant. Genardly, warkerswith blood leed levelsof 70 ugd or grester wereramoved fram
expoarefor ssvard weeks then retested befarereuming towark. However, in some caseswarkerswould retum
towark beforetherepedt test restswereavaladle Inather stugtionsemployessweretrandared to unexpossd”
joosar lad off. Inthefomer caseamployessmay betrandared to ancther jab with little, if any, caresponding
redudioninlesd exposre. Inthelater case pey and bendfits could be meintained, reduoced, or temineted,

B. LexdaddBatay Manufaduing

Leed-and dorage betteries devd opad inthe 18005 haveawidevaidy of goplicaions Their aality to odiever
high curent & rdaively congant vdltagewithin awide tampearaire range meke them useful innumearous gating,
lighing, andignition goplications: Twelvevat automative betteries arethe prindipdl product from thethree Jameican
menufadurasinvaved inthisprged. Thelarges menufedurer, Tropicd Battery, dso produceslarger betteriesfor
indlgrid use Al threecompenies"wea-charge' thalr bettieries meaning thet essambled betteriesarefilled with
aifuicadd anddedtricdly charged. A bettery meiniainer (tridde dnerge) isused to meiniain thedherge untl the
bettary isinddled

Anaverapelesdtand bettery containsover 20 poundsof leed coming fromather primery (Sgperaing dementd leed
fromleed containing ares) ar ssoondary leed smdting (extradting leed from recyded bettariesand ather svege
metaridsconianing leed). 1N Jameica, ssoondary srdtingistheprindpel leed sourcefar thebettery compenies This
redaimed leed, containing traceamounis of antimaony, arsenic, and ather impurnities; isusad to cadt partslike bettary
taminds adl connedtars and bettery gidswhereimpurnitiesare nat ariticdl to the desired pafomence

At Tropica and Apex the bettery grids (the metallic lattice used to meke bettery plates) are manufaciured using
autometic cading mechines equipped with thermodaticaly-contrdlled leed pats: Thesesametwo compeniesdso
purchese FO (litherge) from the United Sates: Leed axide, freeof tracemdd impuritieswhich canreduceits
dedricd dorage cgpeaty, ismixed with sulfuric add, weter, and ather additivesinratary mixersto mekeathick
pede The pedteisthen goplied menualy (Apex) or atometicaly (Tropicdl) to the battery gridsto producethe
pditary plaes Unidate Battery, because of itssmdll Sze, purchesad prepegted plates

Thebattery plates pessthrough adrying oven (Tropica) o are dored onwooden pelleis (Apex) to dlow the pede
tody. Theplates which are ced, pested, and dried in peirs are broken goart (plate bresking) and excessmetd ad
ROisfiled off. At bath Tropicd and Apex platebresking and filing weremenuglly pafomed

Thefinshed (filed and sgperaed) bettery plates are menuelly stacked with sepearators (insulators). These
dtemating dadks of platesand sgparators are then grouped together and leed comnedtars are geswidded onto the
tamirdsd theindividuel plates: Thisprooess whichfomsthe bettary odll, iscalled group buming,

Theassambed battary odlsfrom the group buming process are placed in plagtic bettery cases (tamed "ol
drapping’), theremaining svdl leed parts (intercdl comnectors) areatached, and the bettery casecover isinddled
Thebetaiesaefilled with furic aad and initidly wet-cherged by gaplying andedriccurat. Thebataiesare
thenemptied and fresh addissupplied. A ssoond fammetion dharge or booder drargeisgoplied and the bettary is
trandaredtodorage A flow dagram of theentiremanufaciuring processisshoanin Fgure L




V. EVALUATION DESGN AND METHODS

A. Indgrid Hygee
1 Tropicd Battay

Twenty-dght full-ahift bregthing-zone air ssmpleswere cdlledted from October 20t0 21, 1987 & Tropicd
Battary, thelarget of the compeniessudied by NIOSH inthisevauetion. Al phesesof leed-add bettery
menufaduring wereevelueted & the plant a leest onceduring thetwo day Srvey. Thecompeny hed
resumed full produdion anly four wesksbefarethissurnvey, fdlowing aperiod of minimel produdion legting
about threemonths

Opaaionsmonitared induded FoO mixing, lesd melting, grid and smdl partscading, autométic grid peding,
bettery odl gacking, bettery odl assamidly (group buming), cdll dropping (insartion of thecompleted cdllsinto
the battary case), bettery assambly, andwet dharging. Ganerd areaar samdleswearecdledted inthe
employes|unch room and an dffice used during thisevaugion far employeeintavienvsand dood drawing. A
plat degramissonnin Hgure2

2. ApBatay

Ten parsond breathing-zone ar ssmplesweare cdllected on October 22, 1987. Oparationsmonitored
induded lesd mting, grid and sl parts cading, FoO mixing, menuel grid peding, plate and oecer
dacking and assamidy, group buming, and bettery assamidy. A plant degramisdhoanin Hgure 3.

3. Undae

Sx ar samples (three parsond bregthing-zone, three generd ares) were adllected on Octidber 22, 1987, &
Unidae Batay, thesmelest compery invavedinthisevaugion Becaused thecompany/'ssmdl Sze esch
employespafamed mutipetasks during thewark day, mdwirglead mdting, gid and sTdl partscading,
plateand specer stacking and assambly, group buming, and bettery assambly. Somegparations such sleed
mdting and partscading, were pafamed outdoors: No PoOwasusad & Unigaesnce bettery gridswere
purchesed preegtad. A plant deagramisshoanin FHgure4.

4.,  Air Ssmding Methoddogy

Air ssmplesweare adllected on mixed cdlulose eder filters (37 millimeter diameter, 08 micron poresize) using
aflomaed 20litaspa minue Pasond bregthing-zoneand gengrd aeaar ssmpleswereadledted for a
pariod asnear espossbleto anentirewark shift. Intheleb, thefiltarsweredigested using conoentrated nitric
adpadiaicadds Theresduesaatained werethen dssolved inadilute souion of thesameaddsand the
reaiting sampesduiosandyzad for tracemeashy indudively couped pdlaamaaomicamisson
specromery. Thisandyticd procedirefallowsthe NIOSH andlytical method No. 7300 for demats® The
limit of quentitationfor the ssmplesst was LO micogram per filter.

B. Madcd

Veaoushlood ssmpleswearedravn from 20 warkasat Tropicd Battery whowereinvaved in bettery
prooudtion or whose supavisory responsihilities required tham to goend significant timein produdion arees (one
worker dedined blood draning). Venousblood ssmpleswearedravn from 12 workersa Apex (dl workes
partiapeted) and from four warkesat Unidate Battery who wereinvalved in bettery produdtion. Blood samples
weaed davn fromthe shop ovner and ssordary & Unidate Battery. Employessat dl threebettary
manUfadureaswaresdmila intams o egeand yearsemployed asbatary warkas(Tade ).

Blood samdesweretestad for 2inc pratoparphyrin (ZPP) usng aporteble hemetoflourometer (Aviv



Biomedical*)? Leedin blood wasandlyzed by anodic stripping valtometry & aNIOSH contract lsbwhich
patidpeted in aCantersfor Diseese Contrdl (CDC) prafidency testing program.*

Informed verbd consant was datained fromdll pertidpents: Whitten consant was nat used bessd onadvicefromthe
Jaraican MOH thet it would beanimpradical meansof dataining consant among Jareicans mary of whohave
limited literacy and aculturd rdudanceto Sgnany documat. Thiswave wasgoproved by aNIOSH humen
sedsrevien board ssnat edversdly afeding Sjed rigntsandwefare Venipundureweastheonly medical
proosdure pafamed inthissudy.

A dandad quesiorarewas adminidered towarkersat dl three plantsto record besic demogrgphicinformation,
work pradioes smoking, and symptomsof posshleleed toxiaty.

V. EVALUATION CRITERA

Inhdlation (breathing)) of leed dug and fumeisthemgor route of leed eqposureininolery. A ssoondary sourceof
exposre may befromingestion (svaloning) of leed dust dgposited onfood, dgarettes or ather djedts Onee
absorbed, leed isexareted from the body very domy. Absorbed leed can damegethekidneys periphard and centrd
navoussysams and thelood forming argens (bonemarrow). Thesedfedsmay befet asweskness tiredness
imitzhility, dgesive dduroences high blood pressurg, kidney damege, mentd ddfiaency, or dowved reedtion times
Chronicleed expoaLreis assodated with infartility and with fet demegein pregnant women 6

Ovat symptomsaf lead paisoningin aduitsgenarally beagin & blood leed levelsbeween 60 and 120 ugyd.® Leed-adid
baIeyvvcxkesvvhonwbehea/i!Q/equltoleed, havebemn dromntobea highe risk of dyingfrom
ogerovassular and rend dissese®® Neurdogic, hemetdlogic, and reprodudtive effedts however, may bedatedteble
muchlower levds and the Warld Heelth Organization hes recommended an upper limit of 40 ugydl for aolit meles’
Reoant dudies sugpest thet exposLre of the deve oping fetusto blood leed leve sfar bdow these cooupetiondl expoare
limitsisassodated with Sitle neurdogicimpamant in ety lifeand thet theremay nat beassfethreshald for thiseffect&°

TheU.S OSHA Pamissble Exposure Limit (PEL) for leedinar is50 ug/in? calaulated asan 8-hour TWA for daily
exposure’ Thisregulation dso reguiressami-amnud blood lesd monitaring of employees exqosad to 30 ugi or grester
of leed™® Employesswhoseblood leed levd is40 ugd or gregter must beretested every two months and beremoved
from alesdkexposed jabif thar averagelood leed levd is50 uyd or moreover a6 month period. A blood leed levd
o B0uyd o greder, confinmed by retesting within two wesks isanindicationfor immediaemedicd ramovd. Warkes
onmadicd remova should nat be retiumed to aleed-exposad job until their blood leed levd isconfirmed to bebdow 40
wyd.® Removed warkasinthe U.S have pratedtion for wegg, bendfits and saniarity for up to 18 monthsuntil their
blood levdsdedineto bdow 40 ug/d and they canreiumtoleed exposrearess: Thisprovidesanincantivefor

oyersto coredt excessveexpoaresand avaidsadisnoantivefar enployee partiapetion.
Theblood leed levdsused inthe U.S leed gandard are acompromise betwean the edtahlished rd ationship betwean
blood leed levdsand adverse hedlth efedts and thefeesihility of contralling leed exposurewith curent tedhndlogy. Thus
theU.S dandard pamitshigher blood leed levdsthen would bedlowed if anly hedith condderatiorswereused

It should beemphes zed thet different aitariaand expoaurelimitsare goplied in various countries regarding expoaureto
taxic substancesinthewarking evironmant. For example, in 1980 acompreharsive Approved Codedf Pradticewas
issued inthe United Kingdom (U K.) regarding the contrdl of leed @ work. The UK. cooupetiond exposurelimit for
leedinairis150 ugh, 8-hour TWA (compared tothe U.S limit of S0 ugfir®). Inthe UK. workerswith aconfinmed
PoB levd inexcessof 80 ug/d are oatified asurfit for work which exposssthemtolesd. For women of reprodudtive
capeaty the UK. PoB levd dropsto 40 ugd.



VI, RESULTS
A. Indsrid Hygee

1

w

Tropicd Battary

Employesexpoaresto arbomelesd dug and fumefrom dl manufaduring gperationswere monitored during
thisaurvey with theexogation of theemployeewarking inthe bettery dnerging departmant. Al ssmplesexogt
oneexoaded the U.S OSHA PEL for workplaoe exposureto arbomeleed dugt and fume. Workplace

leed conoanrations a Tropicd ranged from 40to0 5,300 ugn®, TWAsove thepaiod sanpled. Theelevds
aeupto 100timesgreater thenthe U.S leed gandard

Opaaionswith the highest leed expoauresinduded bettery plate sparation (5,300 ugn); odl drgpping
(2,400 ug/in); and bettery assambdly (2,600 ugfin). Leed conoantrationsinthelunch and interview rooms
weaelesthan 10ugin?. All sarplereslitsodlledted from Tropicd Battary aepresantedin Table2

Apex Batay

Employeeexposuresto arbomelesd dugt and fumeranged from 50to 3400 ugin®, TWA. Thehighest
levdswereasmuch as 70timesthe U.S OSHA leed tandard™® Oparationswith the highest leed exposLres
wearethe melting of leed to produce bettary postsand connectors (3400 ug/n); bettary plaefiling

(2570 ug/n); and manud grid pedting (1,630 ugi®). All sandlereslitsfrom Apex aeshownin Tadle3,
Uniddte

Persord lead conoantrations at Unistate ranged from 30 to 190 ugin?, TWA.. Areadr samplesranged fram
10t0 100 ugin®. Thesesamplereddtsaresoanin Tadle4.

B. Medcd

=

Tropicd Bétery

Tade5ammaizestheredtsaf blood leed tesing. Seventeen of 29 employesstested (59%0) hed blood
leedlevds40 uyd or grester, and seven employess (24%0) hed blood leed levdsaf S0 ugd or more
NIOSH investigatorswereinfamed by menegameant thet full produdtion hed resumed only afew weeks
beforethisaurvey, dter litle or no produdion for thepreviousfew months: Blood lead levdscan teke severd
weksto ddhlizedter adhangeinequoareleds Thaeforg itislikdy thet ahigher prevdenced devated
blood leed levdswould befound dter afew monthsof nommd oparaions: Although blood leed levdsvaried
somenhat throughout the plart, devated levdswerefound indl departiments

Table6 dowsthemean blood leed and maximum blood leed levd inwark aresswith two or mare
wokes Thehighest blood leed levd (64 ugd) wes dosarved in the assambdly produdiion areawharethe
meen blood lesd levd wesdso rdaively high (46 uy/d). Blood leed levdsabove 40 uyd werefoundindl

Ogpatmeants exaeat for upavisory/menepgid pasonnd.
Apx Batay

Tade7 ammaizestheresitsof blood leed teding. Heven of 12 employesstested (92%/%) hed blood leed
levdls40 uyd or greter, and nineemployess (75%0) hed blood leed levds of 60 ugd ar more: Thehighest
bloodleed levd (89 uyd) wesfoudinasupavisory employes Although blood lesd levdsvaiied throughout
thepart, devaad levdswerefoudindl degpatmats Thisisnat uprisng gventhesrdl szed thepart
and thedhered wark repongihallities



Unidate

Tabe8 ummaizesthereatsaf blood leed teding & Unidate Battay. All four produdion employesstested
(200%) hed blood leed levds40 uyd or grester, and three (75%/6) hed blood leed levesof 60 ug/d o more
Sncewarkaspafamed avaidy o tasksinasmél ares, high FoB levdscould nat beatributed to particuiar
proceses

ThePoB levdsinthetwo dficeworkers (28 and 34 uyd) werelower theninthe produdion workers
However, besed on detafrom asgparate survey, blood leed levdsabove 25 uyd areunusLd inadlit
resdentsof Kingsonwho arenat exposed to bettery shops o ather unuslid sourcesof exposure Although
noar sampleswaetakeninthedfficg itislikey thet theshop owvner and seareiary hevesgnificant leed
expoarefromather arbomleed or leed dugt onenvironmantd surfacesinthe difice which adjainstheshop.

Combined Wakplaoes
a BloodLedlLevds

Twenty-dght percant of workersat these battery menufacturers hed blood leed levdsabove 680 ugd, a
leve requinng medicd remova under U.S oocupetiondl hedlth regulations: Presumelly becausedf the
recant resumption of full produdion & Tropica Battary, PoB levdstharetended to belower thenat the
two ramaning bettery compenies Eight of the produdionwarke'sat bettery manufadurersweare
conddaed Supavisary, but thar dutiesreguired them to goend varying periodsin produdion arees: Sx
of theseworkarshed blood leed levdsof 30 ugd or above (range 2810 86 uyd).

b. Pedcaorsd BloodLed

Inandyzing therdaiondhip bewesn work practicesand blood leed, supavisory employessa bettery
menufadurers (moet of whom did not condder themselvies"exposed” to leed) wereexduded. At
bettery menufediurers the geometric meen FoB was Sgnificantly increesed among curent snokas
compered to norramokers, and among thosewho reported nat dwayswaehing thair hendsbefore
medls compered to thosewho dwayswadhed. Thesebedhaviard vaiadesare presanted in Teble9.
For eech hygenic pradtiog, however, the geometric meen FoB wiasdill above 40 uyd among those
workerswho reported fdlowing thet pradtice

Air leed levdsfrom pasond bresthing-zonesampleswareavalddefar 2wakas Forthee
employesstharewas no aude corrdation betwean logy | FoB] and log,air leed] (r=0.002, p=0.99).
However, it wesposshlethet any undalying rdationship could have been dosoured by differencesin
work pradices or thesharter duration of reoant exposreamong warkersa Tropicd Battay. A
mutivaigemocd of log [RoB] wes daived from thefdlowing vaidbles logJar leed]; beraviord
vaiaddesfram Tadle9; and avaiddefor workplace (Tropicd vs Apex and Unigate). After
bedkwardsdimiretion of thelesgt Sgnificant vaiadles unil only thosesgrificart & thep<010led
ramanad, thefdloning mood wes daivedt

log[F0B] = 1.59- 0.19* (Tropicd Battery)
+0.07* (amoking) + 0.05*logy Jair leed]

Thismodd eqdaned 63% o thevaianceinlog,[PoB].

Cc. LedToxiaty

To asessrdaionshipsbawean blood leed and symptoms of possibleleed toxiaty, the prevdence of
Herted symptoms among workerswihose FoB wias 60 ug/d and ebovewas compared tothe



prevdenceamongwarkerswith lower blood leed levels (Teble 10). Theprevaencesdf dl butane
s/mptomwerehighar anongwarkasinthehighblood leed graup. Thediffeanceswearedaidicaly
sgnificant for musdeweskness (prevdenceratio (PR) 25, 95%, ConfidenceIntavd (Cl) 1.3t04.9)
and decressed gopdtite (PR 3.2, 95%, Cl 1.0to 100).

Among al workers FoB exalaned 6526 of thevaianceinlogy[ZPH (p<0.0005, Fgure5). The
shorter duration of recant leed expoareamployessa Trapicd Battery afedted theinterogpt of this
rdationghip. Theaodfidat of theindicator variedlefor Tropicd Battary vs aherswessgnificantly
(p<00B) lessthen zaro, indicating lower ZPPlevdsfor agiven FoB among Tropicd Battery workers
thenamong aher workes Howeve, thistam anly exalained an edditiond 26 of thevaiancein
log[ZPH).

C. Osavaionsaf Engneging Contrdsand Work Pradtioss
1  Tropcd Batay
a GidCading

Workeswere absarved using compressed ar to ranove dust and derisfrom madsand work
dahng

b. LexdOxidePxaeMixa

Two exhaud fansontheratary mixer, adevice used to mix the PoO pedie waregperated
intemittently on Octaber 20, 1987. Twin, 5inch damde dudswerelocated oovethismixer to
providetheexhaudt vertilaion; however, anedud weshraken. Duing the pestemixing oydevishle
emissons (combination of FoO dudt and geam) were dosarveed escging from adath syoud which
hed bean drgped around the mixer by the operator.

c.  HaeDryingand Sorege
At Tropicd Battay, frely pested gridsweredlomed to aod ater emerging fromthe curing (crying)
ovenprior tofurther hending. Although minimel expoaure cooursduning thistime, empoyesswere
absaved fanning the pested gridsto promote morergaid drying, atednique patentialy aresting more
duginthrework area

d  HaeBrekingadAiling

Batay gidswerecad and pegted in peirs: Two amployess working a a4 by 6 foat table, menudly
sparated the cadt, pested grids and filed off excess Po flashing and PoO. Dugt wes generated during
thehending andfiling of theplatesand no locd exnawst varttilation (LEV) wesprovided

e Asande (RdeSacking)

Two amployess (onea each dation) arange dacks of pested grids (plates) and sgparatarsto
asamdetrebatay adl. NoLEV isusad dthoughvisbledugt isgenerated during thehendling of the
dy, ddy pates Sacksdf platesand gpecarsare sored onwark teblesawating sorting.




2

Apx Batay

a GidCading
Thetwo sami-autometic grid cegiersware thermodiatically contralled and arbomeleed levds whiledill
highby U.S dandards wereamong thelowest conoentrations meesured on October 22 (50 and 100
ugi? for each cagter oparatar).

b. GidPaing
Gridsare hand pegted on ateble covered with newvgpgpars: Although the pegteismois whenfirg
gdlied, it rgpdy dries aooounting for thethird highest airbame leed concentration meesLred at Apex
Batay. Becausedf thecompeny'ssrdler 9ze aautometic grid pegter, whiledesrale, could probehly
nat beeconomicaly justified

c. GidBreskingadHling

Aswith Tropicd Battary, gidsare cadt and pedied in pairs then manuelly ssperated and filedl
Handing of thesedried grids aregtes sgnificant amounts of leed-oontainingdus. No LEV isprovided
for theoparation.

Unidate
a GidCading

Although nat operated during thisevauetion, amanud grid cading medhine (nat thermogitically
contrdlled) weslocated outdoors Anareaar sample cdllected over thegrid ceder duning this
evaugion meesLired aleed conoarntration of 10 ugn. Becauseof its autdoor location, thisoparation
doesnat gopear to beasgnificant source of leed expoareto theworkars

b. Cdl Asaridy and Group Buning

SnoeUnidate Batary purdneses only prejpedied plates FoO hendingisminimized. Individldl plates
aredacked indoorswithout the benfit of LEV. Group buming (connedting leed partsto bettery odlly)
weaspafamead bathinddeand outdde Resutsfromgenerd areaar esadledted neer group
buming oparationsindicate thet Sgnificant leed exposLres (up to 100 ugh?) may aoour during this
adivity.

D. Rexraay Pratedtion

1

Tropicd Bétery

Haf-mesk dudt rearatarswearewom by someof theemployessbut severd worethe devicesinooredtly.
For example workersused only asngle heed sirgp to hald thereairator in place (bath Srgps mugt beusad to
0dt aproper fit) and sevard employess supplemanted theresairatar by wearing ahendkerchief or dath under
themesk (apradicewhich compromissstheresairaior faogpiee sed). Other employesswith reairetorshed
full beards or ather fadd har whichintafered with aproper fadd sed. At leedt two employesshed bemn
gven helf-mesk regairatars of theinoameat 9ze, virtuelly dimingting any possiblity of agood fit. Nofamd,
written reairetary pratection programexisted a Tropicdl.

Apex Batery

A vaidy of hdf-mesk dugt reairaorswerein usebut nonewere euipped with the necessary high
dfidecyfilters Someregarator moddswearenat NIOSH-gpproved resairatary devices: Aswithwarkers

a Tropcd, severd employessworethar resairatarsincomedtly and oneemployeehed beengvena
helf-mesk reqarator of theincormet Sze. No fomnd,, witten regairatary pratedtion program exided & Apex.




3. Ungdae
No gpproved helf-mesk dudt resairatorswere ussd and no formd respiratory protection program existed.
VII. DISCUSSON AND CONCLUSONS

Thissurvey reveded ahigh prevdence of devated blood leed levdsamong workers & bettery menufediurarsin
Jmdca Thesampled workplaoeswas nat random, but for ressons dated earlier NIOSH invedigetorsdo nat bdieve
thewarkplaoes urveyed have higher leed expoaurethen & ather Jameican bettery menufaduras: Asthese
menufadurerswere dresdly conduding somemedicd sreaning of thar produdionwarkes it ispossblethet these
companieswaremore consdous of warkers helth and may, infact, havelower leed exposLresthen ather Jamaican
bettery menufadurerswhowerenat surveyad. Regardess PoB levdsat these menufedurerswearehigher thenthose
found amongworkersa alargeU.S battery manufaciurer whereanly 6% of blood lesdis exossded 60 ugld.

TheJamacan bettery warkersat thethree plants dudied hed arisk of blood leed levdsabove 80 uyd thet wassmillar to
thet found a aK areen bettery manufeciurer ™ Based on datafrom asgparatle NIOSH survey of svdler "beckyad!
bettery repeir shopslocated primeily inresdentid areesof Kinggon, blood leed levdsabove 25 uyd areunuad inaolit
Jamacanswho arenat exposad to battery shopsar other unusu sources of exposure™

Higharr leed levdsprevaled a dl bettery menufadiuras At these compeniesengineaing conrdsweregenarly lading
or norHundiond. A compaison of ar leed concantrationsin varous depatmentsa Trapicd and Apex, ad those
reported indfajgﬂisha:l&rvws show thedfficuity in genardizing about hight and lon-isk processesin bettery
manufadture *® Futhemoarg in sl wark aress workersin onedepartmant may beexposad to high leed levels
generaed from nearby processes

At compeniesin amaicawhare " informd” (nat wwritten) blood leed monitaring palides have been edablished, ablood
leedlevd of 70 uyd hesbean used esathreshdd for medicd ramov from expoare, and documeniaion of an
aoogadlefdl inblood leedisnat repuired befarereumtowaork. Although such athreshald mey pratect mogt workers
from ovat, symptométic leed paisoning, it istoo high to pratect workersfrom dvonic hedth effedts of leed. Furthermorg,
workersreuming to expoauredter afen wesksof medicd ramovd, but before repest testing iscompleted, mey il have
unsfeblood leed levds

Reqaratorsin used thethreeworkplaces surveyed were nat adequetefor theleed concentrationsthet prevailed, and
nonedf the companieshed programsto ensure proper resairator useand maintenance: Therdare, evenif ahigher
propartion of workersworereairetarsregulaty, it isprabeblethet blood leed levd swould ramain unecogptedly high

Inhdled arbomeleed isthemodt impoartant route of leed exposurein cooupetiond sattingsand contrd of arbomeleed
should reduceleed absorption by ather routesaswl.® Although thissmdll, aross:sedtiondl sudy wasnat designed to
asesstherdaiondhip bawean arbome and blood leed, apostive assodiation wias detected when adjudting for ather
fadtors Thet adronge rdaionshipwasnat found isnat sunprising Snceseverd factors could nat be acoounted far,
indudng (1) theeffect of szedf arbomeleed partialas; (2) job teanurg or (3) leed ingestion from cortamingtion of the
handsand fape® Even inamuch larger bettary factory Survey, anly P4 of thevaianceinblood lesd was explained by
arledlevdsdore

Symptomsareardaivdy audemesare o leed taxiaity, and thisstudy induded ardatively sl number of warkes
Slill thedetaisconddart with some symptoms of leed taxiaty coouming inworkerswith blood leed levd s above 60
uyd.® Zinc pratoparphyrin devaionisamoresansitiveindex of leed toxidity and therdationship betwean ZPPand
blood leed among Jamacan workerswas Smilar to thet desoribed for lesd-exposed mdesin devd gped countriesby
Wilck et d [1987]* who reported aregression equetion for Svedish leed workers of:

logiZPR(uyd)] = 121+ 00148 FoB.



VIII.

The AVIV harediouromdea messresZFPinmiaogramspa gamof hanogldiin. Becausehemogldainwasnat
meesred inthisevauation, acondant, enud to thelog of theaverage hamogldain conoantration, should beadded to they
interogat from the detafor comparisonwith Svedishwarkes Assuming thesugedsinthissudy, whoweredl bladk
mdes hed anaveragehemoglobinvaue of 145 gramsper dadiliter [Nationd Canter for Heelth Satistics 1983V, the

ad ugted regression equetionsfor the Jamaicanworkersweare

logJZPRuyd)] = 1.06+ 00168+ PoB (Tropicd Battary workers)
logfZPRUg/d)] = 125 + 00168 FoB (Other workers)
RECOMMENDATIONS

Becausedf theabsence df cooupetiond hedlth regulaionsin Jameica, sevard recommendaionsrdferencethe U.S
OSHA leed dandard, 29 Code df Federd RegulationsPart 19101025, Theguiddinesfor ar leed levels reairator use
and blood leed monitaring in this standard are besed on aconsdarable body of sdentific dataand should beussful
guiddinesfar pratedion of Jameicanworkes: However, the adoption of any speaific oooupetiond hedth regulaionsisa
palicy issuefor the MOH and the Jameican govemment, and beyond the soope of thisreport.

A. Vaiildion Recommanddians

1 Downdrat ventilaionwork teblesare recommended to reduce the duet leve sganerated @ the grid bresking
andfiling gperationsat Tropicd and Apex. BExidingwork tables could bemodified to aocommodaesuch a
locd exhaud veartilaion system: Thisdesgnwould dso begoplicadlefar the cdl assambly dationsa Tropica
Batay. Hgure6 providesan exampled adesgnwhich mey beadgaiabletotheexiding teblesat bath
compenies

2. Sotted, bedk-craft ventilated work benches are recommended to contrdl thedust generaled at severd
oparaionspafomed a Tropicd and Apex. Theplatedadking operdion & Tropica Battery, besad on
parsond bresthing-zoneair samples genarated the highet leed exposuresinthelant (Up to 5,300 ugyiT?). At
Apex Battary thehighest airbomeleed conoentrations (Up to 3400 ugyin®) oocurred & theleed meiting and
asambly opadions Hgure 7 howsan exampleof adatted beck-dreft bench which could beindaled a
these oparationsto exhaud theleed dugt avay from theemployess: A Smilar desgn could beadopted for the
workersa the"adl drappa™ gperation (insarting the bettary odl into the bettery casepriar tofind assambly). 1t
isrecommended thet asmdller varson of adatted, beok-craft work bench could be used to contrd theleed
dugt and fume generated from meting leed postsand comnedtarsa Unidate Battary. Theexhaus bach
should beingdled to exraud theleed fumeaway fromtheamdoyess: Thisventilation sygemwolid dsohelp
contrd leed dug emissonsfrom the plate Saoking aperation.

3. Itisrecommended thet exnaud fansbeinddled inthewdls of themainwork areesd dl threecompenies
Although nat assbendliad aslocd exnagt vartilation, thesefansshould beexpeditioustoingal andwould
inroducefresh outddear ino thewark arees. Suchasysamwould epaadly begoplicsblea Unidate
Batay shcemany of itsopardionsareintamittat. Theoost of thesefans and thar ingdlation, shaud be
minimel.

4.  AtTropicd Bateary, thedameged and missng duct work ontheratary FoO pede mixer should beregpaired
and theexhaug fans gperated continuoudy during pestemixing oparaions: Thedath shvoud drgoed over the
mixe to conrd dug emissonsshould bergdacad with flexble, trangperant plagtic artainswhichwaould
suround themixer during operation.



B. Rexpraday Raedion

Regaratorsaredesgned to protect only againg cartain gpaafic types of subdtancesand in oartain concentraion
ranges depanding onthetyped equipmant usad. Consaouiently, ather fediors uch asenginegring ar adminisraive
contras should beconsdared fird in an effart to reduce air leed exposuresto theemployess Nevathdess there
may bestugtionswhareregaratars can and should be used, epenidly whileenginesing contrdsarebang
implemenisd

1

It isrecommended thet employesswear goprapriate resairatory protecion whilewarking because of thehigh
leed conoatrations meesLred indl thesurveyed plants: Theoneexogaionwould bethebattery charging area
a Tropicd Batay. Toassurethd theworkersareadequetdy protedted, it isrecommended thet the
regairaor program becondgent with therequirements of the U.S Oooupetiondl Sefety and Hedlth

,(Adririsiraj)(]nrfseaﬂd Indudry Sandards[29 CHR 1910.1025 (gppendix A) add 29 CFR 1910134
gopendix B)).

Sandard aperating procedures should be deve oped conoaming reairator useand mantenence, ad
employessshould betrainad in the hezards assoaiated with the menufadiure of leedkadd betteries Inthis
Stugtion, goedd emphedsonthetoxiaty of leed, and the nesd to weer resairatary pratedtion, should bemede
All employesswhowill berepuired to weer areairator should bemedically evaueted to detemineif they are
physcdly ddetowesr aresairdor.

SHedion of thegopropriate reairatar islargdy influenced by the conoantration of contaminents (inthiscase
leed) inthework place: A helf-mesk, air punifying regairator equipped with high effidency filtersis
recommendied for employess ot exposed to lead in exaess of 500 ugn. For thoseworkerswhose
exposresexossd 500 (lut lessthen 2500) ug/in, afull-faoe pieceregarator with high effidency filtersis
repuired. For exposuresup to 50,000 ug/n, apowered ar-purifying resairatar with high-effidency filters ora
half-mesk supplied-air resairator gperaed in apositivepressuremode isrequired. Tables11, 12, and 13ligt
thegopropridelevd of reairatory pratedtion for pedific oparaionsat Tropicd, Apex, and Unidate bettery
compenies regpadively. Respiretors oedified for high conoantrations may be usad & lower concantrations of
lesd.

Regaratorsshould be stodked in varying 9zesto acoommocee differing faod fedures: All mgor reairator
menufedurersproduceresaraarsin gdl and lagefaogpiecedzes: Somedso menufaduremediumand
exdralageszes Oncerespraorsare sected, employessmugt be propaty treined intheir useand rouine
mantenence Fadd hair, which preventsaproper faogpieceto face sed, can nat bepamitted. Whennatin
use, thereairatorsmugt be propaty sored in an areafreefrom contamingtion (uch asalodker, caing,
pladtic doregebeg, or ather desgnated doregeares). Pior to Sorege, theresairator must bedeened and
snitized fdlowing the menufedure’srecommeancitions

All resaratarsissued to anployessshaud exiibit minimum faogaieceleskege: Thecompeny should
pafom quditaivefacefit tesson ther workersto deteminethe correct faogpiece sze. Methodsfor
conduding qudlitative reairetor fit-tests aswl asquiddinesfar gperating areairator and leed monitaring
program, are discussad inthe OSHA ococupetiondl leed gandard.



C. Wok Radices

1

10.

Dry svegaing shoud bedimingted. Regular wet sivesping and desning shoud bepafomed to
minmzed.d gaaraion

Compressad ar should nat beused to blow dudt from mechinay, parts or worker'sdathing.

Sognsshoudbepoged a dl entrancesto the bettery menufediuning areawaming enployessdof the
hezards assoaated with leed dugt and fume, the necessity of wearing areairator, and prohiliting
eding, drinking, and snokingintrewark area

Employessshould nat be permitted to edt, drink, or smokeinthewark areasnceingestion of lesd can
beadgnficant routed expoare

Cylindersaf compressad geses should be property dhained and cgpped to reduce the chence of an
aocddat. Oxygenand aogylenecylindersshould nat bediored together. During thisevaugtion
unchained oxygen and acatylene oylinderswere sored together & Tropicd Battery neer enenrance
whaelift trudksweremoving pellesof meteids

Whitten pdidesfar implementing and monitaring compiancewith recommendsd work pradtices
ety prooedures reqarator use, and hygenea dl three compeniesshould bedevd oped.

Woark dathing and laundaing fadllities should be provided for thewarkersat Apex and Unidate
Sone fadliiesshoud dso beavaladeto theampoyessa Unidete Batary Sothey may deenup
prior toleavingwark. Thednanging of wark dathing and showering by employessof bath
companiesshoud nat bedoneintheresdantid buildingslocated onthewark pramisssneer eech
plat

A pamenat emagay eyewash and Sowve dation should beinddled inthe bettery drerging area
adl companies

Chamicd salash gogdesshould beprovided and womwhenever add ishended. Employessa bath
Apex and Unigatewere dosarved pouring conoantrated aulfuric add into containersand betteries
without salagh pratedion

A formd, written blood leed monitaring palicy should be devd gped which pedifiestimeintavelsfor
testing, blood lesd threshaldsfar medicd remova from, and resumption o, exposLre, and pey and
bendfitsfor workersramoved fromwark because of highlblood leeds: It isrecommended thet blood
leed threshd ds gpedified in U.S-OSHA regulationsbe used

Resdantsin goatmeantslocated on the pramises of bath Apex and Unigate should undergo blood
leed sSreaning asthey were nat tested during thesewarkplaoe survey's
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XI.

DISTRIBUTION AND AVAILABILITY OF REPORT

Copiesdf thisrgpart aretamporaily avaladle upon reguest from NIOSH, Hazard Evdustionsand Tedmica
Assgance Branch, 4676 CaumbiaParkway, Gindnnati, Ohio 45226, After 90 days therepart will beavalldde
through theNationdl Tedhnicd Informetion Savice (NT1S), 5285 Part Royd, Sindfidd, Virginia 22161
Informetion regardingitsavalahallity through NTIS can be datained from NIOSH Rublicaions Officet the
Cindnreti address Coplesdf thisrepart havebem st to:

1

Dr. Reter Figuorog, Epidemidogy Unit, Jamaican Minidry of Hedlth, 10 CdedoniaAvanue, Kinggon,
Jrdca

U.S Depatmant of Labor, OSHA - Regonlli

Dr. NomaAndrewns Pan American Heelth OrgenizationWarld Hedlth Organization Reoreseniative, 60
Knutsford Boulevad, Kinggon 5, Jamaica

Catibbean Epidemidogy Carntre, 16-18 JamaicaBoulevard, Fedaration Park, Port of Sain, Trinided,

Dr. Homero Siva, E'vironmentd Conird Divison, Lifedf JameicaBuilding, 61 Helfway Tree Roed,
Kingdon, Jaraica



Number of produdion
employessauveyed

Age(years

Yeasampoyedas
bettery worker

* All workeswaebladk mdes

Tadel

AgeAnd Y earsOf Battary Work Among Battary
WorkesSuveyed' InJameica, By Work Face
HETA 87-371
Tedmicd Asssancetothe amacan Minidry of Hedth

Battary Manufadturer
A B
29 12
meen 31 31
(range) (2050) (2051)
meen 8 8
(range) 022 025

Compary A: Tropicd Battery Company, Ltd
Compary B: Apex Batey Campery, Ltd
Compary C. Unigate Battery Compary, Ltd

29
(19-51)

013



Tade2

Pasord and AreaAir Sarplesfor Leed
Tropicd Battary, Ltd
HETA 87-371
Teomicd Asigancetothe Jameaican Minidry of Hedlth

Opaaion Saple Conoaration
Vdumrg? of Leed, TWAP

Asamiy 308 180
PateMixe 08 210
RaeSack 02 200
Dunp 84 230
Asamiy 834 2,600
Grayp Buming 864 420
PatsMolder 920 100
RateBresker 924 400
RateBresker 92 390
Receding 4 0
Cdl Droppe 206 2400
Plate ssparaor 807 5300
GraupBurming 846 310
Batay Tech 874 340
SunpBuming 882 210
RaeBresking 842 690
GraupBurming 840 440
Recedting 876 110
Rate Sacker 864 180
Recedting 788 170
PagteMixe 862 %0
Grid Pedter 864 240
Bettay Chergng 852 40
Batay Tech 826* 260*
Giid Ceding 864 110
RaeBresker 852 380
AreaSarples

LunchRoom 760 10

Interview Room 836 4
Bvdudion Qritaia
U.S OSHA Remisshle Expoare Limit for arbomelesd 50

*Samplevdumeesimated dueto pumpfalure
a Sarpevdurginlitas
b Allleed concantrationsare TWAsover the pariod sampled and areexpressed in ugfi? of ar.



Tdhe3

Rarsond and Area Air Sarplesfor Leed
Apex Batay, Ltd.
HETA 87-371
Tedicd Asidanceto the Jameican Minisry of Hedth

Opadion Sarge Congentration
Vdureg! of Leed, TWAP
PatsCading 840 3400
RaeHling 646 2570
Giid Pedting 84 620
Giid Pedting 872 1630
Giid Cading 850 50
Giid Ceding 806 100
Asamily & Bun 788 50
Asamily & Bun 604 70
Bettary Repelr 800 60
Chagrg 756 50
Bvduaion Qritaia
U.S OSHA Remisshle ExpoareLimit for arbomelesd 50

a Sarpevduneinlitas

b All leed concatraionsaretimeweghted averages over the pariod ssmpled and are eqressad in micrograms of leed per
abicmde o ar.



Tdde4d

Rarsond and Area Air Sarplesfor Leed
Unidate Batay, Ltd.
HETA 87-371
Tedicd Asidanceto the Jameican Minisry of Hedth

Opadion Sape Congantration
Vdureg! of Leed, TWAP

Production 846 30
Production 814 80
Production 820 190
AreaSare 800 10
AreaSample’ 786 60
AreaSarple? 776 100

Bvduaion Qritaia

U.S OSHA Remisshle ExpoareLimit for arbomelesd 0

a Sarpevdurginlitas

b Alllesd concaraionsaretimeweghtad averages over the pariod sampled and are expressed in micrograms of leed per
abicmde o ar.

¢ Araadr ssmpleadleted a themeanud gid ceger, ouiSoelocation

d Areaar samplecdleted adjaoant to plaeassamidy opadion, indde

e Areaar sampleadleded over thegroup buming operation, ingde



Blood Leed
Levd (Lod)

Lessthen40
40t049
0to59
60and ebove

Tahe5

Blood Leed Levds
Tropicd Batay, Ltd.
HETA 87-371
Tedmicd Assdanceto the Jareican Minidry of Hedlth

Numba of Peroant of
Workers Workers
12 41%

10 A%

6 21%

1 3%



Tale6

Blood Lead Levdshby Department for
with Two or MoreWorka's
Tropicd Battay, Ltd.
HETA 87-371
Tedmicd Assdanceto the Jareican Minidry of Hedlth

Degpatmat or Number AveraeBlod Madmum
Work area Tested Leed (ugd) Blood Leed
Peding 4 Vv 51
Gid cading 3 46 52
Inolrid 4 3 43
Chaging 2 47 5%
Assamhly/produdion 10 46 64
Spavisorgmanege's 4 31 A



Tae7

Blood Leed Levds
Apex Batay
HETA 87-371
Tedmicd Assdanceto the Jameican Minidry of Hedlth

Blood Leed Number of Peroant of
Led (uyd)? Workers Workers
Lessthen40 1 8%
40t049 1 8%
009 1 8%
60andebove 9 %

a  Miocogansd lead par dadliter of blood



Tale8

Blood Leed Levds
Unidate Batay
HETA 87-371
Tedmicd Assdanceto the Jareican Minidry of Hedlth

Blood Leed Number of Peroant of
Level Workers Workers
251040 2 3%
40t049 1 1%
009 0 0%
60andebove 3 0%

a  Mioogamspa dedliter of blood



TABLE9

GaomelricMean Blood Lesd LevdsBy Smoking Ard
Woark Pradices Among Battery Workers' Suveyed In Jameica
HETA 87-371
Tedicd Asidanceto the Jameican Minisry of Hedth

Behavior presat?>
Beéaviar
Curat anoker
Alwayswaheshands
beforeedting

Alwaysdones
beforeleaingwork

Alwaysdangesdathes
beforeleaingwork

Alwayswearsresairaor
whilewaking

aexdudespavisay erployess
bdl wokesdwayschanged dathes

* p<005, t-test for differencein geomeric means
GM =geomearicmeenblood leedinugyd.

(N) =numbe of workers

GM
N)

GM
N)
GM
N)
GM
N)

GM
N)

YES

(15
&4

(29)

(14

NO

(23
71
@

©)

(24



TABLE10

Symptomshy Blood Leed Levd

Among Battery Manufaduring Workers Suveyad in amaica
HETA 87-371
Tedmicd Asiganceto the Jameican Mingry of Heelth

Paroat with symptom
PoB<60 PoB>60 Pevdae

S/mptos (N=33? (N=13° Rdic® 95%Cl.
Severehesdaches 18 3 18 (06-54)
Traudeconoatrating 18 31 17 (06-50)
Traberamambaing 27 3 14 (06-34)
Traubedeging 19 8 04 d
Musdeweskness 27 69 25 (13-49)
Jirt pain 30 53 18 (09-37)
Degressad libido or potency 24 31 13 (05-35)
Decressad gppdite 12 3 32 (10-100)
Naussa 9 31 34 (09-131)
Abdomird pein 12 31 25 (07-87)
Commants

a Misngdaa(noasve gvan) fdtrahesleq:irg (Qworkers.

b  Misingdaafor heedaches(1works

¢ Pedexed syrrqctorrslnvvakasvwm PoB > 60 uy/d divided by the prevdence of symptomsinworkerswith PoB <
60uyd.

d FHeeasexattet p=065.

Cl.=Taylo-smiescorfidenceintava.
FoB =Hboodleedlevd inugd.



epippeiwith igheffidenyy

Regpraory Reouiremants
Tropicd Batay, Ltd
HETA 87-371
Tedicd Asidanceto the Jameican Minisry of Hegdlth
Congantration Opaation Recommended Respiratory Pratedtion
of Lead? (NIOSH Approved)

40  BateyChagng For arbame concantraionsnatin
0 ing exosssaf 500 ugfi®, ay
100  PatsMadde helf-meek, ar-purifying regairetor
110
110

filtas® Sngeuse(dgposie
10  Recding resaraarsarenot recommended. Ay
180  Asamhy o thefdlonming reqardorsaredso
180 PFaeSacke aogieded thislevd.
210 PeteMixe
20 PHaeSake
20  SupBuning
20 Dump
20  GiidPeder
20 BatayTeh
310 Group Buning
30  BatayTeh
30 HaeBrekea
30  HaeBreke
400  HaeBreke
420  GroupBuming
40  GoupBuning
690  HaeBreke
B0  PeeMixe
2400  Cdl Dropper For arbome conoatraionsnct in
2600  Asambly exoessaf 2500 ug?, afull
feoepieos, air-purifying resairetor
equippedwith high effidency filtas
5300  Sgador For arbome concantrationsnat in excessof 50000 ugin, a

poweed ar-puifying regaratar with high effidency filtersor a
helf-mesk, supplied-air rexairator oparated inapositive
pressre mode

a  Lead concantration expressad in micrograms par aubic meter (ugi?), TWA.
b  Ahghdfidey paticuaefilter mears P IRL efidacy apgand 03 micon Szad patides



Tdle12
Regpraory Reouiremants
Apex Batay, Ltd

HETA 87-371
Tednicd Asidanceto the Jameican Minisry of Heglth

Concardion . Operdion Recommended Respiratory Pratedtion
of Leed? (NIOSH Approved)
50 Batay Chargng For arbame concantraionsnatin
50 Giid Cadling exosssaf 500 ugfi®, ay
60 Battay Repar helf-meek, ar-purifying regairetor
62 Girid Pedting equippedwith high efidency
70 Asamiy & Bun filtas® Sngeuse(dgposie
170 Recading resaraarsarenot recommended. Ay
180 Asamiy o thefdlonming reqardorsaredso
180 Pate Sacker aogieded thislevd.
1,630 Grid Pding For arbome concanrationsnat in
exoessaf 2500 ug, afll
feogpiens, air-purifying respiretor
equippedwith high effidency filtas
2570 HaeHling For arbome concantrationsnat in
3400 PatsCading exoessof 50,000 ug/in, apowered
arpuifying regarator with high
dfidency filtersor ahelf-mesk,
updlied-ar resairator gperaedin
apogtivepressuremode

a  Lead concantration expressad in micrograms par aubic meter (ugi?), TWA.
b  Ahghdfidey paticuaefilter mears P IRo efidacy apgand 03 micon Szad patides



Conoaration
of Leed?

POOTD

190
10
100

Tahlel3

UnidateBatay, Ltd
HETA 87-371
Tedicd Asidanceto the Jameican Minisry of Hedlth

Opadion

Produdtion
Produdtion
Produdtion
AreaSarple

AreaSaple?
AreaSarpe®

No exposresmessred &
thisled intheevdugion

No exposresmessred &
thisled intheevdugion

Recommended Resairaary
Pratection (NIOSH Approved)

For arbome concanrationsnat in
exosssaf 500 ugin?, thenary
helf-meek, ar-purifying regairetor
equfedwim higheffidaxy

filtas® Sngeuse(dgposie
resaraarsarenot recommended. Ay
o thefdlonming reqardorsaredso

aogiaded thislevd.

For arbome conoaniraionsnctin
excessaf 2500 Lg’rr? aful
fecepiens ar-purifying respiretor
equippedwith high efiaency filters

For arbome concanrationsnat in
exoessof 50,000 ug/in, apowered
arpuifying regarator with high
dfidency filtersor ahelf-mesk,
updlied-ar resairator gperaedin
apogtivepressuremode

L_eed conoantration expressad in micograms par aubic meter (L), TWA.

A highdfidency paticdaefilter means BV 9P/6 dfidency agang 03 miaon szed patides
Ousdeaaadr sampleadletted over themanud gid ceder, outside

Interior areadr sample collected adjaoant to plate assably operation.

Intgior areadr samplecdllected over the plae assambly operation.



FIGURE 1

BATTERY MANUFACTURE
FLOW DIAGRAM
(INTROBDUCTION ©OF PARTS AND MATERIALS)

Refined Lead Reclaimed Lead
Oxide Manufacturing Melting
Oxide Mixing Grid Casting
Pasting Small Parts

* Casting

Plate Curing

\

Plate Breaking

v

Plate Stacking (with separators)

‘4

Group Burning

v

Assembly (case and cover)

\

Post Burning

v

Acid Fill, Form Charge, Change Acid, Boost Charge,
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FIQURE 2

Troplecal Battery Lid.
HETA 87-371

lndustrial Battery
Charging Area Assembly Area

Battery Group

Assembly Separator —
| —

offi D G"°"P
oe Grld Casters Paste BurnerD O Loc:ers
Mixing Small Showers

Parts
I ! Pasting Line O [ co—
—

Grid
Storage

Workshop

COMMENTS:
NO LOCAL EXHAUST VENTILATION IN BUILDING
HIGHEST LEAD CONCENTRATIONS MEASURED AT

GROUP SEPARATORS AND BATTERY CELL ASSEMBLY
OPERATIONS.
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FIQURE 3
APEX BATTERY CONMPANY

HETA

—
1 RN

PLATE FILING

LEAD
MIXER

GRID
PASTING

BATTERY
ASSEMBLY

]

D BATTERY POST

BURNING
BATTERY ACID FILLING AND
CHARGING

4 —

BATTERY REPAIR

— [

OFFICES

87-371

SMALL PARTS
o CASTING

‘f

GRID CASTERS
BATTERY CLAMﬁ//'
ASSEMBLY

 —

STORAGE
LOCKERS
S~ aAND
RESTROOM

AREA OF NEW
CONTRUCTION

STORAGE
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FIGURE 4
UNISTATE BATTERY CONPANY
RETA 87-371

Area Open To Area Covered By Animal
. , nima

Battery Repair Grid
and Assembly Caster

Area O
Lead

Melter

Plate
Burning

Yard and
Garden area

Household of Owner

COMMENTS:
GRID CASTER AND LEAD MELTER NOT IN OPERATION ON
OCTOBER 22, 1987
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ZPP (lilg/g Hb)

FIGURE 5
Zinc protoporphyrin {ZPP) levels vs.
Blood lead {(PbB) levels, battery workers, Jamaica, 10/87
HETA 87—-371, Technical Assistance to the Jamaican Ministry of Health
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FIGURE 6

Example of a Downdraft Worktable
HETA 87-371
Technical Assistance to the Jamaican Ministry of Health

L.
5% mn.

[ L .
Tapered roke-off necessary END VIEW
for distribution.

Q 2/50-250 cfm /sq It of bench area.
Minimum ouct vefocity = 3500 fpm
Entry loss = 0.25 VP for fapemd rake-aff

Figure courtesy of:
The American Conference of Governmental Industrial Hygienists
. Industrial Ventilation — A Manual of Recommended Practice, 1986.
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Figure 7

Example of a Slotted, Back~-draft Work Bench
BETA 87-371
Technical Assistance to the Jamaican Ministry of Health

/2 siot vefocity

@ =350 cfim/lineal I of hood

Hood lenghh = required working space
Bench width= 24" maximum

Ouct vefocity = OO0 -3000fpm

Entry loss=/.78 sliot VP +Q25 duct VP

Figure courtesy of:

American Conference of Governmental Industrial Hygienists
Industrial Vencilation 19th Edition, 1986.
A Manual of Recommended Practice.
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